Background: Caries prevention is paramount in safeguarding the life quality of head and neck cancer patients and is dependent on patient compliance with caries preventive protocols. The purpose of this study was to examine this compliance. Methods: All records of patients referred to one public oral medicine clinic servicing a head and neck oncology unit of one major Western Australian hospital, between January 2005 and December 2011, were examined. Data extracted included patient and cancer characteristics and compliance with dietary advice, dental care, oral hygiene instruction and fluoride use over a follow-up period of at least 12 months. Compliance was assessed against various oral health outcomes and patient characteristics. Results: Of the 116 participants, 75.9% complied with all caries preventive measures over a mean follow-up period of 45 months. Non-compliance with regular dental attendance (P = 0.004), oral hygiene instruction (P = 0.009), dietary advice (P = 0.034) and daily fluoride use (P = 0.018) were associated with the development of dental caries post-treatment. The presence of dental caries at the time of cancer diagnosis was predictive of poorer compliance. Conclusions: High compliance with caries preventive measures is attainable in the head and neck cancer patient group. Factors other than fluoride use seem important in caries prevention.
INTRODUCTION
In Australia every year, approximately four and a half thousand new cases of head and neck cancer (HNC) (ICD-10 codes C00-C14, C30-32) are diagnosed. 1 Squamous cell carcinoma is the most common type of malignancy occurring in this region. 2 Smoking, alcohol use, dietary micronutrient deficiency, solar irradiation and infection with human papilloma virus are important risk factors. 3, 4 Treatment of HNC is often complex and frequently associated with significant short-and long-term complications including mucositis, dysgeusia, dysphagia, weight loss, malnutrition, hyposalivation, increased risk of dental caries, increased risk of progression of periodontal disease, dental hypersensitivity, infections, mucosal atrophy, trismus, neuropathic pain and osteoradionecrosis (ORN). 5 Radiation therapy is frequently employed in the management of HNC. [6] [7] [8] Optimal radiation doses depend on the tumour type, site and disease stage. [6] [7] [8] [9] Radiosensitive tumours such as lymphomas require relatively low doses of 30-36 Gy. 9 Carcinomas are not as radiosensitive. 6 In general, primary tumours and gross lymphadenopathy require a total dose of 70 Gy or more. 6 Post-surgery, radiation therapy doses of 60-66 Gy are usually required to eliminate any residual microscopic disease, aiding locoregional disease control. 6 A reduction in salivary function is a common side-effect of radiation therapy to the head and neck region. 7 Management guidelines of mouth dryness have been published elsewhere. 10 Some reduction of salivary gland function can be observed with exposures as low as 10-15 Gy, and it is generally accepted that a mean dose of 26 Gy delivered to the salivary glands appears to be maximal if significant salivary conservation is sought. 7, 8 Ultimately, however, the main aim of radiation therapy is tumour control and the dose of radiation therapy that the When major salivary glands are subject to highradiation therapy doses, hyposalivation becomes a problem and the resulting dry mouth environment makes retention of intact dentition a significant challenge. 5, 11 Limited and often poor dietary choices compound the risk of dental breakdown in these patients. 5, 11, 12 Dental extractions as a result of dental caries place post-radiation therapy patients at risk of ORN, with potentially serious consequences. 11, 13 Preservation of intact dentition is, therefore, paramount in safeguarding the HNC patient's life quality and dignity.
It is now well-established that prevention of dental caries is multifaceted, involving regular dental care, maintenance of meticulous oral hygiene, fluoride use and dietary modification minimizing consumption of cariogenic and acidic foods. 11, [14] [15] [16] Long-term retention of intact dentition is dependent on long-term compliance with caries preventive protocols. 5 However, published work pertaining to compliance with such protocols in this patient group is limited. [17] [18] [19] [20] Thariat et al. 17 examined compliance with daily fluoride use in custom-made trays in 84 irradiated HNC patients. Compliance was assessed prospectively during routine postoperative follow-up visits by means of questionnaires, with a mean follow-up period of 24 months. A clear definition of compliance was not provided. Compliance was noted to be poor, particularly in the absence of dedicated dentist follow-up visits, with only 19% of patients continuing to use the fluoride for more than 1 year and more than half of the individuals studied developing carious lesions. Advanced disease, advanced age, tobacco consumption and more severe xerostomia were associated with poorer compliance.
Epstein et al. 18 examined compliance with fluoride gel application, also utilizing custom-made trays, in 76 irradiated patients by means of a structured verbal survey. The survey was administered either during a regular dental recall appointment or, in the case of those individuals who were not regular attendees, by a telephone interview. Authors reported 67% compliance amongst those individuals who were regular dental attendees (every 3-6 months) compared with 27% compliance among those individuals who were not, once again emphasizing the importance of regular follow up in maintaining compliance. Compliance was defined as adhesion to the recommended daily use of fluoride gel 50% of the time.
Cacchillo et al. 19 examined patent/dentist compliance with recommended dental care in 75 patients treated with radiation therapy to the head and neck region by means of questionnaires and interviews. Investigators contacted the patients' dentists to obtain information regarding dental histories and recall schedules. Patients were contacted by telephone and questioned about their oral health, frequency of fluoride use in custom-made trays and frequency of dental care. Compliance with fluoride use was defined as fluoride gel application at least once per month and authors reported compliance of 45%. Less than 40% of individuals studied remained on regular recall.
In a randomized trial comparing the efficacy of fluoride gel and fluoride toothpaste, Bransfield et al. 20 reported 93% compliance with daily use of fluoride gel in custom-made trays and 89% compliance with daily use of fluoride toothpaste. Each group comprised 110 irradiated HNC patients, followed up every 2-4 months, with the follow-up periods ranging 14-36 months. During the follow-up period, 3% of the fluoride gel group and 11% of the fluoride toothpaste group developed dental caries. Once again, the precise definition of compliance was not provided.
While compliance with fluoride use and dental care is important, caries prevention is clearly more complex and none of the aforementioned studies examined compliance with other facets of caries prevention such as maintenance of good oral hygiene and following dietary advice. 11, [14] [15] [16] The purpose of this study was, therefore, to examine compliance with the main aspects of caries prevention in post-radiation therapy HNC patients attending one public oral medicine clinic in Western Australia between January 2005 and March 2014, including regular dental care, oral hygiene instruction, daily fluoride use and dietary advice. It is anticipated that the results of this study will contribute to the currently sparse published work concerning compliance of post-radiation therapy HNC patients with caries preventive protocols. Better understanding of factors that influence this compliance may assist in the dental treatment planning undertaken prior to radiation therapy and allow clinicians and institutions to optimize patient care by addressing some of these factors.
METHODS
This was a retrospective, observational study, based on examination of existing patient records. All records of patients referred to one public oral medicine clinic servicing a head and neck oncology unit of one major Western Australian teaching hospital, between January 2005 and December 2011, were examined.
Subjects included in the study: were diagnosed with a HNC and referred to the oral medicine clinic for an oral health assessment prior to commencing cancer treatment; received radiation therapy to the head and neck region as part of their treatment program; were dentate following completion of their cancer treatment; and were followed up in the oral medicine clinic for at least 12 months post-completion of their cancer treatment. Subjects were excluded from the study if they: did not receive radiation therapy; were referred to the oral medicine clinic post-completion of their cancer treatment; were edentulous at time of their cancer diagnosis; underwent full dental clearance prior to commencing their cancer treatment; or their follow up was less than 12 months after completion of their cancer treatment.
All subjects referred to the oral medicine clinic underwent a detailed oral health assessment by an oral medicine specialist prior to commencing treatment for a HNC. This included a comprehensive oral soft tissue and dental examination including radiographic assessment in the form of an orthopantomogram and a full mouth survey, which included bitewing radiographs. Any outstanding dental treatment was completed by a general dentist and any necessary dental extractions were carried out by an oral surgeon or by an oral surgery registrar. All dental extractions and the necessary dental treatment were completed prior to the individual commencing their cancer treatment.
At the initial consultation with the oral medicine specialist, implications of the proposed cancer treatment and, in particular the radiation therapy, were explained. All individuals were extensively counselled regarding the expectant post-radiation therapy hyposalivation, the associated increased risk of dental caries and related sequelae. To that effect, all individuals were instructed regarding the need for caries prevention.
The four main facets of caries prevention were explained, including the importance of strict adherence to: (i) a non-cariogenic diet; (ii) regular general dental examinations; (iii) the provided oral hygiene instruction; and (iv) daily use of a 5000 p.p.m. fluoride-containing toothpaste.
Details pertaining to these four facets of caries prevention were monitored and recorded at each subsequent follow-up visit to the oral medicine clinic. The frequency of a particular individual's follow up at the clinic was determined by the treating consultant and was no less than annual, with most individuals being reviewed on at least a 6-monthly basis.
Data collected included: age; gender; postcode (for socioeconomic status); cancer type, stage, site and treatment; smoking status at presentation; date of the last dental visit prior to referral to the oral medicine clinic; date of referral to and the date of the last visit at the oral medicine clinic; presence of dental caries and the need for dental extractions prior to the start and post-completion of cancer treatment; development of ORN; and compliance with dietary advice, regular dental visits, oral hygiene instruction and daily use of a 5000 p.p.m. fluoride-containing toothpaste. For the purpose of this study, compliance was defined as adhesion to the recommended measure at least 50% of the time. Where adherence was less than 50% of the time, the individual was deemed non-compliant.
Data was linked with the Department of Health WA Mortality Registrar and the Electoral Roll data to ascertain, where applicable, whether termination of an individual's regular attendance at the oral medicine clinic was the result of death, relocation interstate or simple loss to follow up.
Descriptive analysis was undertaken using SAS â version 9.4 software (SAS Institute, Cary, NC, USA). Univariate analysis was used to examine associations between the four facets of caries prevention, patient characteristics and clinical outcomes. A probability value of less than 0.05 was considered to indicate a statistically significant association in all tests. Ethics approvals were sought and obtained from the human research ethics committees of the University of Western Australia and the Department of Health WA.
RESULTS
Between January 2005 and December 2011, 315 records of HNC patients referred to the oral medicine clinic for an oral health assessment were identified. Of these, 116 individuals met the inclusion criteria. Reasons for exclusions are summarized in Table 1 .
The characteristics of participants are presented in Table 2 . The follow-up period for the participants ranged from 12 months to 9 years, with a mean follow-up period of 45 months. Twenty-three of the included participants died during the follow-up period and one moved out of state. Eighty remained alive, while the fate of 12 participants remained unknown (lost to follow up).
Most participants presented with advanced HNC and most required dental extractions prior to commencing their cancer treatment. Disease stage was not associated with the socioeconomic status. Neither disease stage nor the socioeconomic status was associated with the need for dental extractions before commencing cancer treatment. Pre-radiation therapy dental extractions were not associated with a significant risk of ORN. The majority of the participants complied with the recommended caries preventive measures (Table 3) . A significant association was observed between the development of dental caries after completion of cancer treatment and poor compliance across all four facets of caries prevention. Presence of dental caries at the time of cancer diagnosis was predictive of poor compliance with dietary advice (P = 004) and fluoride use (P = 0.014) post-cancer treatment. Poor compliance with fluoride use was the only measure associated with a significant risk of dental extractions post-radiation therapy (P = 0.048). A significant association was observed between the development of dental caries post-radiation therapy and dental extractions (P < 0.001). The risk of ORN was associated with poor compliance with oral hygiene instruction (P < 0.001) and fluoride use (P = 0.013). Development of ORN was not significantly associated with the development of dental caries or dental extractions post-completion of cancer treatment or with the smoking status at the time of cancer diagnosis. Neither age nor gender had any significant impact on compliance with any of the recommended caries preventive measures. Lower socioeconomic status was associated with poorer compliance with fluoride use only (P = 0.016).
DISCUSSION
Prevention of dental caries is of paramount importance in safeguarding the dignity and life quality for HNC patients. While it is well-established that prevention of dental caries is multifaceted, published work pertaining to compliance with caries preventive protocols, beyond fluoride use, is generally lacking in this patient group. One hundred and sixteen individuals met all inclusion criteria, with a mean age of 57 years and with male participants accounting for the majority (73%) of the study population, consistent with previous publications. 17, 18 The majority (65%) of our participants were non-smokers. This is explained by the population studied, which was restricted to those individuals with good dental status at the time of cancer diagnosis. Smoking is well known to be associated with poorer dental health. 21 Squamous cell carcinomas of the upper aerodigestive track accounted for the majority of the cancer diagnoses in our study population, also in keeping with previous publications. 17, 18 In contrast to the compliance reported by Thariat et al. 17 and Epstein et al., 18 86.2% of our study participants complied with the daily use of a 5000 p.p.m. fluoride-containing toothpaste for the duration of their follow up. Bransfield et al. 20 also reported similarly high compliance, although a definition of compliance was not provided in that study. Our participants might have found use of a high fluoride-containing toothpaste more similar to their usual oral hygiene regime than fluoride gel in custom-made trays. While the study by Bransfield et al. 20 did not show a statistically significant difference in compliance between the use of fluoride toothpaste versus the application of a fluoride gel in custom-made trays, the follow-up period of our study was considerably longer. Furthermore, our study participants were also provided with the toothpaste free of charge during their regular review appointments in the oral medicine clinic for the period of their follow up. Regular follow up has previously been associated with improved patient compliance. 17, 18 Neither age nor gender in our study were associated with compliant fluoride use, however, the presence of dental caries at the time of cancer diagnosis and lower socioeconomic status were predictive of poorer compliance, reflecting the difficulty and complexity of oral health behavioural changes. 22 Past oral health behaviour should, therefore, be considered at the HNC patient's pre-radiation therapy dental assessment and treatment planning phase. As expected, non-compliance with fluoride use was significantly associated with the development of dental caries and tooth extractions post-completion of cancer treatment. 17, 23, 24 Only one previous study assessed compliance of post-radiation therapy HNC patients with regular dental visits, showing poor conformity. 19 In contrast, 88% of our study participants complied with the recommended regular general dental visits, despite the fact that many had not seen a dentist in the 12 months preceding their cancer diagnosis. The high compliance with dental attendance might have contributed to the high compliance observed with other caries preventive measures in this study, as both Thariat et al. 17 and Epstein et al. 18 noted higher compliance with fluoride use amongst those HNC patients who were subject to a more regular dental follow up. All our study participants had access to dental care, which no doubt contributed to the high compliance with regular dental attendance, as any participants who were not able to pay for private dental care had access to fully funded public dental treatment and their continued access to dental care was regularly monitored throughout the follow-up period. Financial impediments and long wait lists are well-documented barriers to dental care. 25 Non-compliance with regular dental visits was not associated with socioeconomic status. It was, however, significantly associated with the development of dental caries after completion of cancer treatment.
Ours is the first study we are aware of that examines compliance of post-radiation therapy HNC patients with oral hygiene instruction and dietary advice. Eighty-four per cent of the participants complied with oral hygiene instruction. Non-compliance was strongly associated with the development of dental caries after completion of cancer treatment and with the development of ORN.
Eighty-five per cent of the participants also complied with dietary advice. Presence of dental caries at the time of cancer diagnosis was strongly associated with dietary non-compliance post-completion of cancer treatment and with the development of dental caries. This again highlights the inherent difficulties in instilling oral health behavioural change. For many reasons, adherence to a non-cariogenic diet is probably the most difficult caries preventive measure to achieve. Radiation therapy-induced dry mouth can alter food choices, generally in favour of cariogenic foods. 4, 12 In addition, adherence to this important preventative measure is further complicated by oral functional compromise secondary to surgical intervention, the importance of weight loss prevention and the often conflicting dietary advice provided by the medical and allied health professionals. 5, 26 Given the critical role of diet in caries prevention, it is imperative to provide appropriate dietary counselling in a multidisciplinary setting, focusing on elimination of foods high in simple sugars. 16, 27 Despite the reported high compliance with caries preventive protocols, 17% of our participants still developed dental caries during the follow-up period. This may be explained by our definition of necessary requirements for prevention as monitored for compliance, which while in keeping with that adopted in previous work, 18 may not be adequate. Adherence to caries preventive protocols more than half of the time may be necessary to prevent dental caries in this highrisk group. Furthermore, the information pertaining to compliance with caries preventive protocols was largely based on the individuals' own reports and these might have not always been accurate. Cacchillo et al., 19 for example, examining patient/dentist compliance with the recommended dental care in post-radiation therapy HNC patients, identified a 27% discrepancy between the patient/dentist reports.
Our participants exhibited a relatively high rate (15.5%) of ORN, 23 although this rate is likely an overestimate, as definition demands that exposed bone be present for at least 3-6 months. 28 As this was a retrospective study based on analysis of patient records, in some instances, the duration of a particular bone exposure episode was not always clear in the patient record. Some individuals developed small areas of bone exposure which healed spontaneously. In contrast with published work, 17, 23, 24 development of ORN in our study population was not significantly associated with the development of dental caries or with dental extractions post-radiation therapy. This may be explained by the fact that the likely majority of dental extractions carried out post-completion of cancer treatment were in fact of teeth outside the irradiated fields as all our participants were carefully treatment planned and, in 72% of cases, had teeth in the irradiated fields extracted prior to commencing their cancer treatment. Reported risk factors for ORN which might have played a role in our study population include advanced HNC, poor oral hygiene, trauma and compromised nutritional status. 28 Dental extractions at the time of dental assessment, prior to commencement of cancer treatment, were not associated with increased risk of ORN in this study, supporting the importance of extracting compromised teeth prior to commencement of radiation therapy to avoid dental extractions post-treatment.
The results of this study should be interpreted within its inherent limitations. This was a retrospective, observational study, based on examination of existing patient records, and was therefore limited by the accuracy of data recorded. The importance of keeping clear and concise records cannot be overemphasized. Finally, the information pertaining to the compliance with caries preventive protocols was largely based on the individuals' own testimonies, which might have not always been accurate. Nonetheless, within the limitations of this study, it is clear that caries prevention in the postradiation therapy HNC patients should be multifaceted and encompass caries preventive protocols which focus on daily fluoride use, regular dental care, maintenance of good oral hygiene and appropriate dietary counselling. Unique challenges of this patient group require a multidisciplinary approach to achieve compliance across all areas.
CONCLUSIONS
This is the first study examining compliance of postradiation therapy HNC patients across all four facets of caries prevention. Non-compliance with regular dental attendance, oral hygiene instruction, dietary advice and daily fluoride use were all significantly associated with the development of dental caries postcompletion of cancer treatment, highlighting the importance of a holistic approach to caries prevention in this patient group. Results of this study further indicate that high compliance with all caries preventive measures is attainable in the HNC patient group. Presence of dental caries at the time of cancer diagnosis was predictive of poorer compliance.
